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[57] ABSTRACT 

The present invention provides a DNA sequencing method 
comprising: (1) a step of fragmentation of a sample DNA 
and amplifying each fragment to obtain a ?rst DNA frag 
ment; (2) a step of obtaining from the ?rst DNA fragment a 
second DNA fragment substantially complementary to the 
sample DNA at least at the 3‘ terminus thereof; and (3) a step 
of performing an extension reaction of complementary 
strand, using the sample DNA as a template to produce a 
third DNA fragment containing a base sequence comple 
mentary to the second DNA fragment and having a siZe 
longer than that of the second DNA fragment, and using the 
third DNA fragment as a template for sequencing of the 
sample DNA. DNA sequencing can be proceeded efficiently 
with extremely loW redundancy. 

20 Claims, 13 Drawing Sheets 
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DNA SEQUENCING METHOD AND 
REAGENTS KIT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method for sample 
preparation efficiently provided for a DNA sequencing 
process, Which basic technology utilizes an enZymatic 
extension reaction of complementary strand. The present 
invention also relates to a reagents kit for use in the DNA 
sequencing process. 

2. Description of the Related Art 
Focusing on human genome analyses, a high throughput 

and highly efficient DNA sequencing technology is required. 
DNA sequencing starts from the preparation of DNA library 
Which covers all DNAs, by making clones having a length 
of 10 Kbp to 100 Kbp from the DNAs present in a gene. 
DNA sequencing of clones thus produced has been conven 
tionally relied upon and roughly classi?ed into three 
techniques, i.e., shotgun, primer-Walking and nested 
deletion techniques. 

The shotgun technique involves digesting a sample DNA 
at random by sonication, preparing DNA fragments by 
subcloning and sequencing each fragment, Whereby over 
laps of the sequenced fragments are used to determine the 
full-length base sequence. Details of the shotgun technique 
are described in, e.g., T. Maniatis et al.: Molecular Cloning, 
Cold Spring Harbor Laboratory Press, 13, 21—33 (1989). 

According to the primer-Walking technique, sequences of 
DNA fragments to be sequenced are sequentially determined 
one by one from the terminus thereof. That is, in the 
primer-Walking technique, one end of a sample DNA is ?rst 
sequenced. Next, sequences for a primer contiguous to the 
folloWing region are selected from the thus determined base 
sequences. DNA sequencing again starts from the selected 
sequences. Technical details on the primer Walking tech 
nique are described in, e.g., T. Maniatis et al.: Molecular 
Cloning, Cold Spring Harbor Laboratory Press, 13, 14—20 
(1989). 

In the nested-deletion technique, fragments from a sample 
DNA are subjected to enZymatic digestion to prepare frag 
ments With slightly different siZes. After one end of these 
fragments is trued up, the fragments are sequenced from 
another end in the order of a longer length. Details of the 
nested-deletion technique are found in, e.g., T. Maniatis et 
al.: Molecular Cloning, Cold Spring Harbor Laboratory 
Press, 13, 34—41 (1989). 

In the shotgun method described above, What portion of 
the sample DNA corresponds to DNA extracted by subclone 
is unknoWn until the full-length base sequence is deter 
mined. For this reason, it is necessary to analyZe the DNA 
length longer by 10 to 20 times than the length of a DNA 
strand to be actually sequenced. Therefore, intensive time 
and labors are required, resulting in serious obstacles. Turn 
ing to the primer Walking technique mentioned above, this 
technique provides more ef?cient DNA sequencing but 
involves disadvantages, since successive operations for 
sequencing is time-consuming and a primer must be pre 
pared every time When sequencing is done. 

According to the nested-deletion technique mentioned 
above, neW information on a sequence corresponding to the 
difference in length betWeen fragments is alWays obtained. 
The nested-deletion technique is thus efficient, because 
DNA sequencing is performed sequentially from one end, as 
in the primer-Walking method. Furthermore, the thus pre 
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2 
pared DNA fragment is inserted into a plasmid for subclon 
ing and the subclone is then sequenced. Accordingly, a 
priming site is obtained from the base sequence of plasmid, 
meaning that there is no need to prepare a primer for DNA 
sequencing every time. In vieW of these characteristics of the 
nested-deletion method, it appears that this method may 
overcome the problems encountered in the shotgun and 
primer Walking techniques. From a practical vieWpoint, 
hoWever, time-consuming operations for selecting and 
arranging samples convenient for DNA sequencing are 
required after all. This is a key hoW to meet the requirement. 
In addition, puri?cation by subcloning that is commonly 
performed in the shotgun and nested-deletion methods is 
such a complicated operation that is a serious problem to be 
solved. 

In order to solve the problems of complicated operations 
required for DNA sequencing as recogniZed in the three 
techniques hitherto applied, various attempts have been 
made. In particular, direct sequencing of DNA fragments in 
a mixture obtained from a sample DNA digested With a 
restriction enZyme is a promising method. This technique is 
called a fragment-Walking method, Which is brie?y 
explained beloW and a more detailed explanation is found in, 
e.g., K. Okano et al., Gene, 176: 231—235 (1996), “Fragment 
Walking for large DNA sequencing by using a library as 
small as 16 primers”. A sample DNA is digested With a 
restriction enZyme. Thereafter an oligomer having a knoWn 
sequence is ligated With the DNA fragment at the terminus 
thereof through a ligation reaction to recogniZe each DNA 
fragment in the fragments mixture. Sequencing reaction is 
then conducted using a set of primers Which can discrimi 
nate a complementary base sequence to at least a part of the 
ligated oligomer and the restriction enZyme recognition 
sequence, and an unknoWn one-base to four-bases sequence 
adjacent to the recognition sequence. The primer set 
includes, for example, 16 combinations of all possible bases 
in the case of an unknoWn base sequence having variable 
tWo base sequence. Where a small number of DNA frag 
ments are contained in a DNA fragment mixture and one 
DNA fragment forms a complete base pairing With one 
primer, the base sequence of each DNA fragment can be 
determined from the mixture, respectively, using the set of 
primers described above. Where one primer hybridiZes to at 
least tWo DNA fragments, the above procedure is performed, 
e.g., after separation of DNA fragments depending upon 
siZe. After the base sequence of each DNA fragment has 
been determined, the base sequences of the respective DNA 
fragments are reconstructed to obtain the overall base 
sequence. In order to obtain the overall base sequence, there 
is employed a method in Which fragments are Walked over 
to determine the DNA sequence of the overlapping portion, 
using as a template for sequencing each fragment and a 
full-length intact sample DNA before a digestion reaction 
With any restriction enZyme. Alternatively, there is 
employed another method in the number of restriction 
enZymes used initially is increased and the overall DNA 
sequence is determined by making use of the overlapping 
base sequence betWeen the fragments. 
As explained above, those conventional techniques are all 

somehoW disadvantageous. That is, the shotgun technique 
requires repeated reading of the same base sequence and is 
thus inef?cient due to high redundancy. For reducing 
redundancy, the primer-Walking technique and the nested 
deletion technique have been proposed. HoWever, the 
primer-Walking technique involves disadvantages that prior 
to DNA sequencing, primers must be synthesiZed every time 
or it is necessary to prepare a library including a huge 
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number of primers and it takes much time for DNA sequenc 
ing in a series. Turning to the nested-deletion technique, this 
method is disadvantageous in that a sample convenient for 
DNA sequencing is prepared only With dif?culty. Additional 
problems encountered With the shotgun and nested-deletion 
techniques are seen in much time and labors required for 
cloning using a culture step that is automated also only With 
difficulty. Contrary to the tWo techniques above, the 
fragment-Walking method is advantageous in that this tech 
nique does not require such cloning and provides loW 
redundancy but is reduced but Where the digested fragments 
have long DNA sequences, dif?culties occur in their con 
nection. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a method 
for DNA sequencing of a sample DNA Which involves 
sample preparation for the nested-deletion technique from 
fragments prepared by the fragment-Walking method, fol 
loWed by sequential DNA sequencing, Whereby dif?culties 
in fragment connection in the fragment-Walking technique 
and dif?culties in sample preparation and complicated 
operations for subcloning in the nested-deletion method can 
be eliminated. 

Another object of the present invention is to provide a 
reagents kit for use in the DNA sequencing method. 

(1) According to DNA sequencing method (A) as a ?rst 
aspect of the present invention, the sequencing method (A) 
comprises: 

(A1) a step of digesting a sample DNA With a restriction 
enZyme(s) to obtain a DNA fragment(s); 

(A2) a step of introducing an oligomer having a knoWn 
base sequence into the DNA fragments at the 3‘ termini 
thereof; 

(A3) a step of performing an extension reaction of 
complementary strand, using each labeled primer 
(With, e.g., a ?uorophore label) comprising a ?rst 
sequence complementary to at least a part of the 
oligomer, a second sequence complementary to the 
restriction enZyme recognition sequence and a third 
arbitrary tWo base sequence from possible combina 
tions of all four bases A, C, G and T (hereinafter an 
unlabeled primer having this base sequence is referred 
to as a selective primer), by using, as a template, the 
oligomer-introduced DNA fragment to determine the 
tWo base sequences adjacent to the restriction enZyme 
recognition sequence of the oligomer-introduced DNA 
fragment; 

(A4) a ?rst ampli?cation step for amplifying each DNA 
fragment based on the sequencing information deter 
mined at step (A3), using the oligomer-introduced 
DNA fragment as a template; 

(A5) a step of degrading one strand of the ampli?ed 
product located near one of the 5‘ termini and near both 
strands of the 3‘ termini to obtain a part of single strand 
located near the 5‘ terminus; and, 

(A6) a second ampli?cation step for performing ampli? 
cation of each DNA fragment, using as a template an 
intact sample DNA prior to restriction enZyme diges 
tion by using, as primers, an oligomer having a part of 
sequences of the sample DNA and a part of single 
stranded DNA located near the 5‘ terminus thereof, 
Which has been puri?ed at step (A5), to determine the 
base sequence of the product. 

The above method (A) is further characteriZed in that at 
step for introducing the oligomer With a knoWn base 
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4 
sequence, or adding deoXyribonucleotide oligomer using 
terminal deoXynucleotidyl transferase (hereinafter abbrevi 
ated as TdT); at step (A4), one out of the tWo primers is 
phosphorylated at the 5‘ terminus thereof; and at step (A5), 
)t-exonuclease Which is a 5‘Q3‘ eXonuclease is employed to 
degrade the vicinity to the 5‘ terminus and, for degradation 
of the vicinities to the 3‘ termini, there is employed any one 
of KlenoW fragment, T4 DNA polymerase, eXonuclease III 
and BAL31 eXonuclease Which are enZymes having a 3‘Q5‘ 
eXonuclease activity. 

(2) According to DNA sequencing method (B) as a second 
aspect of the present invention, step (A6) in method (A) is 
modi?ed to the folloWing step (B6). That is, steps (B1) 
through (B5) are the same as steps (A1) through (A5), 
respectively, and (B6) comprises: 

(B6) a second ampli?cation step of performing ampli? 
cation of each DNA fragment, using as templates a part 
of single stranded DNA located near the 5‘ terminus 
thereof, Which has been puri?ed at step (B5), namely, 
step and an intact sample DNA prior to restriction 
enZyme digestion by using an oligomer having a part of 
sequences of the sample DNA and one selective primer 
having the same sequence as a part of single stranded 
DNA located near the 5‘ terminus thereof, to determine 
the base sequence of the product. 

The above method (B) is further characteriZed in that at 
step (B2), i.e., step for introducing the oligomer having 
a knoWn base sequence, or adding deoXyribonucleotide 
oligomer using TdT; at step (B4), i.e., step (A4), one out of 
the tWo primers is phosphorylated at the 5‘ terminus thereof; 
and at step (B5), i.e., step (A5), )t-exonuclease Which is a 
5 ‘—>3‘ eXonuclease is employed to degrade the vicinity to the 
5‘ terminus and, for degradation of the vicinities to the 3‘ 
termini, there is employed any one of KlenoW fragment, T4 
DNA polymerase, eXonuclease III and BAL31 eXonuclease 
Which are enZymes having a 3‘—>5‘ eXonuclease activity. 

(3) As a third aspect (C) of the present invention, there is 
provided a reagents kit (C) for DNA sequencing comprising: 

a restriction enZyme(s) for digesting DNA strands; 
an oligomer having a knoWn base sequence; a reagent kit 

for introducing the oligomer having a knoWn base 
sequence into DNA at the terminus thereof comprising 
at least a ligase or TdT; 

a set of 16 selective primers for extension reaction of 
complementary strand; and, 

enZymes having a 5‘—>3‘ eXonuclease activity and having 
a 3‘—>5‘ eXonuclease activity. 

(4) In a fourth aspect (D) of the present invention for DNA 
sequencing, steps (A5) and (A6) of the method (A) are 
modi?ed to the folloWing steps (D5) and (D6). That is, 
steps (D1) through (D4) are the same as steps (A1) 
through (A4), respectively. Thus, the method (D) for 
DNA sequencing further comprises: 

(D5) a step of degrading the vicinities to the 3‘ termini of 
the ampli?ed fragment to obtain a part of single 
stranded DNA located near the 5‘ terminus thereof; and, 

(D6) a second ampli?cation step for amplifying each 
DNA fragment, using as a template an intact sample 
DNA prior to restriction enZyme digestion, only one 
strand of Which DNA has been puri?ed, by using, as 
primers, an oligomer having a part of sequences of the 
sample DNA and a part of single stranded DNA located 
near the 5‘ terminus thereof, Which has been puri?ed at 
step (D5), to determine the base sequence of the 
product. 

The above method (D) is further characteriZed in that at 
step (D2), i.e., step for introducing the oligomer having 
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a known base sequence, or adding deoXyribonucleotide 
oligomer using TdT; and at step (D5), any one of KlenoW 
fragment, T4 DNA polymerase, eXonuclease III and BAL31 
eXonuclease Which are enZymes having a 3‘Q5‘ eXonuclease 
activity is employed for degradation of the vicinities to the 
3‘ termini. 

(5) In a ?fth aspect of the present invention for DNA 
sequencing, step (D6) of the method (D) is modi?ed to the 
following step That is, steps (E1) through (E5) are the 
same as steps (D1) through (D5), respectively. Thus, the 
method for DNA sequencing further comprises: 

(E6) a second ampli?cation step for amplifying each DNA 
fragment, using as templates a part of single stranded 
DNA located near the 5‘ terminus thereof, Which has 
been puri?ed at step (E5), namely, step (D5) and an 
intact sample DNA prior to restriction enZyme 
digestion, only one strand of Which DNA has been 
puri?ed, by using, as primers, an oligomer having a part 
of sequences of the sample DNA and one selective 
primer having the same sequence as a part of single 
stranded DNA located near the 5‘ terminus thereof, 
Which has been puri?ed at step (E5), namely, step (D5), 
to determine the base sequence of the product. 

The above method is further characteriZed in that at 
step (E2), i.e., step for introducing the oligomer having 
a knoWn base sequence, or adding deoXyribonucleotide 
oligomer using TdT; and at step (E5), i.e., step (D5), any one 
of eXonuclease III and BAL31 eXonuclease Which are 3‘Q5‘ 
eXonuclease enZymes is employed for degradation of the 
vicinities to the 3‘ termini. 

(6) As a siXth aspect of the present invention, there is 
further provided a reagents kit for DNA sequencing 
comprising: 

a restriction enZyme(s) for digesting DNA strands; 
an oligomer having a knoWn base sequence; 
a reagent for introducing the oligomer having a knoWn 

base sequence into DNA at the terminus thereof com 
prising at least a ligase or TdT; 

a set of 16 selective primers for extension reaction of 
complementary strand; and, 

(7) In a seventh aspect (G) of the present invention for 
DNA sequencing, steps and (A6) of the method (A) are 
modi?ed to the folloWing steps (G5) to (G7). That is, steps 
(G1) through (G4) are the same as steps (A1) through (A4), 
respectively. Thus, the method (G) for DNA sequencing 
further comprises: 

(G5) a step of degrading the vicinity to the 5‘ terminus of 
the ampli?ed fragment; 

(G6) a step of degrading a part of single stranded DNA; 
and, 

(G7) a second ampli?cation step for amplifying each 
DNA fragment, using as a template an intact sample DNA 
prior to restriction enZyme digestion by using, as primers, an 
oligomer having a part of sequences of the sample DNA and 
a part of single strand located near one of the 5‘ terminus, 
Which has been puri?ed at steps (G5) and (G6), to determine 
the base sequence of the product. 

The above method (G) is further characteriZed in that at 
step (G2), i.e., step for introducing the oligomer having 
a knoWn base sequence, or adding deoXyribonucleotide 
oligomer using TdT; at step (G4), i.e., step (A4), one out of 
the tWo primers is phosphorylated at the 5‘ terminus thereof; 
at step (G5), )L eXonuclease Which is a 5‘—>3‘ eXonuclease is 
employed for degradation of the vicinity to the 5‘ terminus; 
and at step (G6) for the degradation of single stranded DNA, 
S nuclease or Mung Bean nuclease is employed. 
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6 
(8) In an eighth aspect of the present invention for 

DNA sequencing, step (G7) of the method (G) is modi?ed 
to the folloWing step That is, steps (H1) through (H6) 
are the same as steps (G1) through (G6), respectively. Thus, 
the method for DNA sequencing further comprises: 

(H7) a second ampli?cation step for amplifying each 
DNA fragment, using as templates a part of single strand 
located near one of the 5‘ terminus thereof, Which has been 
puri?ed at step (H5), i.e., step (G5) and step (H6), i.e., step 
(G6), and an intact sample DNA prior to restriction enZyme 
digestion by using, as primers, an oligomer having a part of 
sequences of the sample DNA and one selective primer 
having the same sequence as a part of single strand located 
near one of the 5‘ terminus thereof, to determine the base 
sequence of the product. 
The above method is further characteriZed in that at 

step (H2), i.e., step (A2), for introducing the oligomer 
having a knoWn base sequence, or adding deoXyribonucle 
otide oligomer using TdT; at step (H4), i.e., step (A4), one 
out of the tWo primers is phosphorylated at the 5‘ terminus 
thereof; at step (H5), i.e., step (G5), )L eXonuclease Which is 
a 5‘Q3‘ eXonuclease is employed for degradation of the 
vicinity to the 5‘ terminus; and at step (H6), i.e., step (G6) 
for the degradation of single stranded DNA, S nuclease or 
Mung Bean nuclease is employed. 

(9) As a ninth aspect (I) of the present invention, there is 
further provided a reagents kit (I) for DNA sequencing 
comprising: 

a restriction enZyme(s) for digesting DNA strands; 
an oligomer having a knoWn base sequence; a reagent for 

introducing the oligomer having a knoWn base 
sequence into DNA at the terminus thereof comprising 
at least a ligase or TdT; 

a set of 16 selective primers for extension reaction of 
complementary strand; 

a 5‘—>13‘ eXonuclease; and, 
an enZyme(s) for digesting single stranded DNA. 
(10) In a tenth aspect (J) of the present invention for DNA 

sequencing, the second ampli?cation step Which cor 
responds to step (A6) in the method (A), step (D6) in 
the method (D) and step (G7) in the method (G) is 
modi?ed to the folloWing step (J 1). That is, the method 
(J) is modi?ed to include: 

(J 1) a second ampli?cation step for amplifying each DNA 
fragment, using as a template an intact sample DNA 
prior to restriction enZyme digestion by using a part of 
single stranded DNA located near the 5‘ terminus 
thereof, Which has been prepared from sample DNA, 
and a random primer (an oligomer having a random 
base sequence), to determine the base sequence of the 
product. 

In an eleventh aspect of the present invention for 
DNA sequencing, the second ampli?cation step Which cor 
responds to step (B6) in the method (B), step (E6) in the 
method and step (H7) in the method is modi?ed to 
the folloWing step That is, the method is modi?ed 
to include: 

(K1) a second ampli?cation step for amplifying each 
DNA fragment, using, as templates, a part of single stranded 
DNA located near the 5‘ terminus thereof, Which has been 
prepared from sample DNA, and an intact sample DNAprior 
to restriction enZyme digestion by using a random primer 
(an oligomer having a random base sequence) and one 
selective primer having the same sequence as a part of single 
stranded DNA located near the 5‘ terminus thereof, to 
determine the base sequence of the product. 
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In the present invention, a sample DNA is fragmented 
With a restriction enZyme and the resulting fragment is 
ampli?ed by polymerase chain reaction (hereafter abbrevi 
ated as PCR). The thus ampli?ed fragment is degraded With 
an enZyme and only one strand of a part of double stranded 
DNA located near the 5‘ terminus thereof is recovered, in 
Which the fragment is complementary to one of double 
strands of the sample DNA before the fragmentation. This 
complementary nature is utiliZed in the present invention. 
After a part of the single stranded DNA located near the 5‘ 
terminus thereof hybridiZes to one strand of the intact 
sample DNA before digestion With a restriction enZyme, an 
extension reaction can be performed in the 3‘-terminal 
direction using this hybrid DNA as a template. Furthermore, 
the oligomer having a part of the base sequence of the intact 
sample DNA before enZymatic digestion is complementary 
to the extension product of a part of single stranded DNA 
located near the 5‘ terminus of the DNA fragment and using 
the extension product as a template, an extension reaction 
can be carried out. Therefore, using as PCR primers single 
stranded DNA located near the 5‘ terminus of the DNA 
fragment and an oligomer having the same sequence as a 
part of sample DNA before enZymatic digestion or an 
oligomer having a random base sequence (random 
oligomer), the portion betWeen the tWo primers can be 
ampli?ed by PCR, as in steps (A6), (D6), (G7) and (J 1). 
Likewise, after a part of the single stranded DNA located 
near the 5‘ terminus thereof hybridiZes to one strand of the 
intact sample DNA before digestion With a restriction 
enZyme, an extension reaction can be performed in the 3‘ 
terminal direction using this hybrid DNA as a template. 
Thus, as in steps (B6), (E6), (H7) and (K1), using as 
templates the extension reaction product and intact sample 
DNA before enZymatic digestion and by using an oligomer 
having the same sequence as a part of single stranded DNA 
located near the 5‘ terminus of the DNA fragment and an 
oligomer having the same sequence as a part of sequences of 
the intact sample DNA before enZymatic digestion or a 
random primer (an oligomer having a random base 
sequence), the portion betWeen the tWo primers can be 
ampli?ed by PCR. 

In the products obtained by the second ampli?cation step 
using a template(s) and a primer(s), one terminus is all 
located at the same site of the intact sample DNA before 
enZymatic digestion (the position having the same base 
sequence as the oligomer) and another terminus is deter 
mined at the digestion site of a sample DNA With a restric 
tion enZyme. Thus, the products of the same number as that 
of the DNA fragments after digestion With a restriction 
enZyme but having different siZes are produced so that a 
library for nested-deletion can be prepared. 

According to the present invention, the tWo base sequence 
contiguous to the restriction enZyme recognition sequence of 
the fragment obtained by digestion of a sample DNA With a 
restriction enZyme is sequenced. Based on the thus obtained 
sequencing information, the fragment is ampli?ed by PCR. 
Therefore, using a part of single stranded DNA located near 
one of the 5 ‘ terminus of the ampli?ed fragment and an intact 
sample DNA before enZymatic digestion, second ampli?ca 
tion can be performed by PCR to prepare a sample library 
for nested-deletion. Thus, DNA sequencing can be pro 
ceeded more ef?ciently With much loWer redundancy than in 
the shotgun technique. Moreover, a sample DNA of a long 
siZe can be sequenced With only 16 primer sets prepared in 
advance, Which makes it unnecessary to synthesiZe primers 
every time required for DNA sequencing by the primer 
Walking technique. Furthermore, a sample DNA is prepared 
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by PCR ampli?cation using the fragment obtained by diges 
tion With a restriction enZyme so that a uniform library can 
be prepared. In addition, the present invention enables to 
give overlap information for sure on each fragment, Which 
makes it easy to connect the sequenced fragments. In the 
present invention, subcloning is not required but the reac 
tions are all carried out in vitro, thus enabling to sequence 
a sample DNA having a long base sequence. 
The present invention is brie?y explained With reference 

to FIG. 4. Sample DNA 151 is digested With a restriction 
enZyme. The resulting DNA fragment (fragment-1) is ampli 
?ed using a selective primer set in 16 combinations and to 
obtain DNA 152 (fragment-2) located near the 5 ‘ terminus of 
one strand of each fragment through degradation With 
)t-exonuclease and KlenoW fragment. Using the fragment-2 
and sample DNA 151, PCR is performed to obtain DNA 
fragment 158 (fragment-3) containing the complementary 
base sequence to and longer than the fragment-2. The start 
point of fragment 158 is common but the end point differs 
depending upon restriction enZyme recognition sequences. 
By DNA sequencing starting from the restriction enZyme 
recognition sequence, DNA sequencing of sample DNA 151 
can be performed ef?ciently over the full length. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is to explain, in an embodiment of the present 
invention, the steps of digesting a sample DNA With restric 
tion enZymes and determining the tWo base sequence con 
tiguous to the restriction enZyme recognition sequence of 
each fragment. 

FIG. 2 shoWs gel electropherograms of the extension 
reaction products of complementary strands of DNA frag 
ments obtained using selective primers of 16 combinations 
in an embodiment of the present invention. 

FIG. 3 is to explain, in an embodiment of the present 
invention, the steps of preparing a sample for nested 
deletion library using enZymes having a 5‘3‘ exonuclease 
activity and a 3‘Q5‘ exonuclease activity. 

FIG. 4 is to explain the step for second ampli?cation by 
PCR in an embodiment of the present invention. 

FIG. 5 shoWs the procedure for DNA sequencing of a 
sample DNA in an embodiment of the present invention, 
using a nested-deletion library. 

FIG. 6 is to explain the step for second ampli?cation by 
PCR in an embodiment of the present invention, using a 
selective primer. 

FIG. 7 is to explain, in an embodiment of the present 
invention, the steps of preparing a sample for nested 
deletion library using a 3‘—>5‘ exonuclease. 

FIG. 8 is to explain the step for second ampli?cation by 
PCR in an embodiment of the present invention. 

FIG. 9 is to explain the step for second ampli?cation by 
PCR in an embodiment of the present invention, using a 
selective primer. 

FIG. 10 is to explain the steps of preparing a sample for 
nested-deletion library in an embodiment of the present 
invention, using a 5‘Q3‘ exonuclease and a single strand 
degradation enZyme. 

FIG. 11 is to explain the step for second ampli?cation by 
PCR in an embodiment of the present invention. 

FIG. 12 is to explain the step for second ampli?cation by 
PCR in an embodiment of the present invention, using a 
selective primer. 

FIG. 13 is to explain the step for second ampli?cation by 
PCR in an embodiment of the present invention, using a 
random primer. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention will be described below in detail, 
with reference to embodiments and drawings. 

EXAMPLE 1 

FIG. 1 shows the procedures in Example 1 of the present 
invention for explaining the steps of fragmentation of a 
sample DNA with restriction enZymes and then determining 
the sequence of two bases located next to the restriction 
enZyme recognition sequence of each fragment. As a sample 
DNA, there is employed about 8.9 kbs human genome DNA 
inserted into a plasmid. 
Ampli?cation of Sample DNA 
Where the amount of sample DNA is insuf?cient for DNA 

sequencing, the sample DNA is ampli?ed by PCR according 
to the following procedures. The following two primers, 
each having a base sequence complementary to the sample 
DNA-inserted plasmid, were employed. 

Primer ( 1) having SEQ ID NO. 1 : 
5 ' — TGTAAAACGACGGCCAGT — 3 ' 

Primer (2) having SEQ ID NO. 2: 
5' — ACAGGAAACAGCTATGAC — 3' 

Asample DNA inserted into a plasmid using two primers 
is subjected to PCR ampli?cation, using thermo-stable poly 
merase Ex Taq (trademark, made by Takara ShuZo). The 
ampli?ed sample DNA is subjected to 1% agarose gel 
electrophoresis followed by fractionation to remove the 
unreacted primers and dAT P, dCTP, dGTP and dTTP. Thus, 
the PCR product of 8.9 kbs showing a single band is 
electrophoretically obtained in a high purity. Hereinafter this 
linear human genome DNA is called the PCR product, which 
is made sample DNA 1. 
Fragmentation of Sample DNA 

The sample DNA is digested with a restriction enZyme to 
produce DNA fragments. In this embodiment, restriction 
enZyme Hsp92II is used. Restriction enZymes such as HhaI, 
MboI, AluI, etc. may also be employed for digesting sample 
DNA 1 but not limited only to Hsp92II. In FIG. 1, numerals 
2, 3 and 4 denote DNA fragments produced by digesting the 
sample DNA with a restriction enZyme. After the sample 
DNA is completely digested with Hsp92II at 37° C. for an 
hour, concentration and puri?cation by ethanol precipitation 
were carried out thereby to inactivate and remove the 
restriction enZyme. Thereafter the reaction solution is all 
used to introduce a known base sequence, in accordance 
with the procedures for addition of an oligomer to the DNA 
fragment at the 3‘ terminus thereof, which will be described 
hereinafter. 
Preparation of selective primer 
A primer set called selective primer is prepared. The 

selective primer is used for the subsequent reaction. In FIG. 
1, numeral 5 denotes a ?uorophore labeled selective primer 
and numeral 9 denotes a ?uorophore label. This primer 
comprises base sequence 6 complementary to at least a part 
of oligomer inserted into the digested DNA, base sequence 
7 complementary to the recognition sequence of the restric 
tion enZyme used to digest the sample DNA, and base 
sequence 8 of arbitrary two base sequence selected from 
four bases of A, C, G and T. As the ?uorophore labeled 
selective primer there are 16 kinds resulting in all possible 
combinations of arbitrary two bases. 
Introduction of Oligomer Having a Known Base Sequence 
into Both Termini of DNA Fragment 

There are two methods for introducing an oligomer hav 
ing a known base sequence into the termini of DNA frag 
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ment. One method comprises ligating an oligomer having a 
known base sequence with a DNA fragment, as described in 
T. Maniatis et al., Molecular Cloning, Cold Spring Harbor 
Laboratory Press, 5, 62—63 (1989). In double strands of an 
oligomer for ligation (hereinafter referred to as adaptor), the 
3‘ terminus of the adaptor contiguous to the 5‘ terminus of 
DNA fragment is phosphorylated. Likewise, the 5‘ terminus 
of the adaptor contiguous to the 3‘ terminus of the DNA 
fragment is also phosphorylated. The phosphorylation is 
performed to prevent adapters from ligating with each other. 
In order to prevent DNA fragments from ligation with each 
other, phosphates at the 5‘ termini of each fragment are 
removed with an alkaline phosphatase (CIAP). Another 
method comprises adding dATP (2‘-deoxyadenosine 
5‘-triphosphate) or dUTP (2‘-deoxyuridine 5‘-triphosphate) 
to the 3‘ terminus of DNA fragment, see, e.g., T. Maniatis et 
al., Molecular Cloning, Cold Spring Harbor Laboratory 
Press, 5, 56—57 (1989). In Example 1, the former method is 
used, since the former is more stable in subsequent reactions 
than the latter method. In FIG. 1, numerals 10 and 11 denote 
adapters used in Example 1. The adaptor 11 has a protruding 
cohesive 3‘ terminus to ligate with the digested DNA frag 
ment with Hsp92II. This adaptor and the concentrated and 
puri?ed DNA fragment through ethanol precipitation were 
reacted at 15° C. overnight using T4 DNA ligase to ligate 
with each other. After the ligation, only strand 10 is actually 
ligated with the DNA fragment through a phosphodiester 
bond. 
Sequencing of Two Bases Contiguous to the Restriction 
EnZyme Recognition Sequence of each DNA Fragment 
DNA fragment 131, its two strands introduced with the 

oligomers having known sequences, contains adaptor base 
sequences 10 and restriction enZyme recognition sequences 
12 introduced at the termini, and parts 13, 13 ‘ of base 
sequences for selection. The parts of base sequences for 
selection are two bases, which sequences are discriminated 
by ?uorophore labeled selective primer. In the following 
explanation, letters M and N designate any one of A, T, G 
and C; letter m designates a complementary base to base M 
and letter n designates a complementary base to base N. The 
part of base sequences for selection is composed of 1 to 4 
bases, preferably 1 to 3 bases, more preferably 2 bases. 

The DNA fragment produced by digesting a sample DNA 
is a mixture of a plurality of DNA fragments in kind. For 
selectively sequencing a desired DNA fragment alone, a 
?uorophore labeled selective primer is employed. As 
described above, arbitrary base sequences of the ?uorophore 
labeled selective primer are 16 combinations in total. The 
sequence 6 complementary to the adaptor of ?uorophore 
labeled selective primer and the sequence 7 complementary 
to the restriction enZyme recognition sequence can form 
complete pairing with the adaptor base sequence 10 and 
restriction enZyme recognition sequence 12 of all DNA 
fragments. As shown by numeral 14 in FIG. 1, the ?uoro 
phore labeled selective primer contains arbitrary two base 
sequences at the 3‘ terminus and only in the case of complete 
base pairing between DNA fragment and the two base 
sequences, complementary strand 16 can be formed. In the 
case of incomplete base pairing between the 3‘ terminal two 
bases of selective primer and DNA fragment as seen in 
numeral 15, no extension reaction proceeds. UtiliZing this 
behavior, only the DNA fragment of complete pairing with 
each of 16 ?uorophore labeled selective primers is selected 
from the mixture of DNA fragments. Thus, the two base 
sequences contiguous to the restriction enZyme recognition 
sequence of the DNA fragment are determined. 

In practice, DNA sequencing is carried out by the fol 
lowing procedures. After one ?uorophore labeled selective 
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primer, dATP, dCTP, dGTP, dTTP and thermostable DNA 
polymerase Were added to the mixture of DNA fragments, 
the reaction of 5 cycles is carried out. A similar reaction is 
conducted With all other ?uorophore labeled selective prim 
ers. Thereafter, the reaction product is analyZed by electro 
phoresis. FIG. 2 shoWs gel electropherograms of the exten 
sion reaction products of complementary strand of each 
DNA fragment obtained using 16 selective primers. In FIG. 
2, the longitudinal axis 101 denotes 3‘-terminal tWo base 
sequences of each selective primer and the traverse axis 102 
indicates a base length. FIG. 2 gives the length of each 
fragment contained in the mixture of DNA fragments and 
information of the tWo base sequences contiguous to the 
restriction enZyme recognition sequences at the termini. As 
is seen from FIG. 2, for example, the peak 103 detected 
When using a ?uorophore labeled selective primer having 
AA at the 3‘ terminus indicates that fragment TT of tWo base 
sequences contiguous to the restriction enZyme recognition 
sequence is present in the mixture. The peak 104 detected at 
the same position of the peak for AAmeans complementary 
base sequences to the tWo base sequences for anti-sense 
strand of a fragment With a base sequence of TT at the 
terminus of one strand of a DNA fragment. Thus, the tWo 
base sequences of tWo strands of each DNA fragment 
contained in the mixture of DNA fragments can be deter 
mined. 
PCR Ampli?cation of each DNA Fragment in the Mixture of 
DNA Fragments 

FIG. 3 is to explain the steps of preparing a sample for 
nested-deletion library using enZymes having a 5‘—>3‘ exo 
nuclease activity and a 3‘—>5‘ exonuclease activity. Based on 
the sequencing information on the terminal tWo bases deter 
mined above, one DNA fragment selected from the mixture 
is ampli?ed by PCR, using a pair of selective primers for 
each fragment. In FIG. 3, numeral 131 denotes a template 
DNA fragment. At this stage, one primer 133 out of paired 
tWo primers 132 and 133 used for the PCR reaction is 
modi?ed and phosphorylated at the 5‘ terminus thereof. This 
modi?cation serves to speci?c degradation of the phospho 
rylated 5‘ terminus 134 in FIG. 3, When one of the 5‘ 
terminus of the ampli?ed DNA fragment is subsequently 
degraded. The DNA fragment ampli?ed by PCR is puri?ed 
and concentrated on a column QIA Quick Column 
(tradename, made by QUIAGEN Inc.) to remove the unre 
acted primers and dATP, dCTP, dGTP and dTTP. 
Hereinafter, the puri?ed products are called PCR products of 
DNA fragments, Which are made sample DNA 135. 
Degradation of the PCR Products of DNA Fragments 
Located near one of the 5‘ Terminus and Near the 3‘ Termini 
As shoWn in FIG. 3, in order to obtain a part of single 

strand located near one of the 5‘ terminus of the PCR product 
135 of DNA fragment puri?ed by the above procedure, the 
PCR product 135 of DNA fragment is degraded at the strand 
located near the other 5‘ terminus and near the 3‘ termini, 
using an enZyme having an exonuclease activity. This pro 
cedure is performed to degrade the base sequence located 
near the adaptor introduced into one of the 5‘ terminus and 
obtain only a part of single strand located near the other 5‘ 
terminus used as a primer or as a template for the second 
ampli?cation. In this embodiment, after the PCR product 
135 of DNA fragment is reacted at 37° C. for 15 minutes 
using )L exonuclease ase 136, ethanol precipitation is per 
formed for inactivation of the enZyme, puri?cation and 
concentration. After reacting at 37° C. for 30 minutes using 
KlenoW fragment 137, puri?cation is carried out using a 
column QIA Quick Column (tradename, made by QUI 
AGEN Inc.) for the purposes of inactivation and removal of 
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the enZyme, removal of the degraded oligonucleotides and 
puri?cation and concentration of the reaction solution. By 
the foregoing procedures, a part of single strand located near 
one of the 5‘ terminus, Which is shoWn by numeral 138 in 
FIG. 3, is obtained. In this embodiment, enZymes having a 
5‘—>3‘ exonuclease activity and a 3‘—>5‘ exonuclease activity 
Were employed to obtain a part of single strand located near 
one of the 5‘ terminus. HoWever, in place of a 5‘Q3‘ 
exonuclease, a part of single strand located near one of the 
5‘ terminus may also be obtained by inserting biotin into the 
5‘ terminus required and purifying the DNA fragment With 
avidin-added magnetic beads. 
Second Ampli?cation Reaction 

FIG. 4 is to explain the step for second ampli?cation by 
PCR. Using as a template sample DNA 151 before restric 
tion enZyme digestion, second ampli?cation is conducted 
using as primers single stranded DNA part 152 located near 
the 5‘ terminus and oligomer 153 having a part of sequence 
of the sample DNA. The oligomer has the same base 
sequence as primer (1) Which is the base sequence of one of 
the 5‘ terminus in the intact sample DNA before enZymatic 
digestion. In a ?rst reaction cycle, the single stranded DNA 
part 152 located near the 5‘ terminus is complementary to the 
template DNA only in a doWnstream base sequence part 155 
of the adaptor base sequence 154 introduced at the 5‘ 
terminus thereof. The part 155 alone hybridiZes With the 
template to proceed an extension reaction to the terminus of 
the template DNA, Whereby the extension reaction product 
156 is obtained. On the other hand, the oligomer 153 
hybridiZes to another strand of the template DNA to proceed 
its extension reaction, Whereby the extension reaction prod 
uct 157 is obtained. HoWever, in the second and folloWing 
reaction cycles, the extension reaction product 156 produced 
in the ?rst cycle reaction can be used as a template in 
addition to the oligomer 153. Thus, an extension reaction 
further proceeds to obtain the extension reaction product 
158. Upon PCR reaction, primers are added to the system in 
a large excess amount as compared to the amount of 
template DNA. The oligomer 153 that functions as a primer 
for the template and the single stranded DNA part 152 
located near the 5‘ terminus are also added to the system in 
large excess amounts. For this reason, as the cycle proceeds, 
the oligomer 153 hybridiZes more frequently to the exten 
sion reaction product 156, rather than to the template DNA. 
As a result, only the fragment betWeen the oligomer 153 and 
the adaptor base sequence 154 is ampli?ed by PCR. 

FIG. 5 shoWs the procedure for DNA sequencing of a 
sample DNA, using a nested-deletion library. The sequences 
of DNA fragments 181 and 182 ampli?ed by the second 
ampli?cation above are determined at the restriction enZyme 
recognition sequence 183 of sample DNA 188. The start 
point 184 is all located at the same position and the other end 
point is determined at the restriction enZyme recognition 
sequence 183. The end point 185 contains a complementary 
base sequence to each selective primer for each fragment 
and sequencing is conducted using the end point 185 as a 
priming site. The arroW 186 shoWn in FIG. 5 indicates the 
sequencing direction. As described above, the sample library 
for nested-deletion is prepared and the full-length base 
sequence of sample DNA 188 before restriction enZyme 
digestion is determined by sequential DNA sequencing. 

EXAMPLE 2 

As a sample DNA, there is employed about 8.9 kbs human 
genome DNA inserted into a plasmid. In this embodiment, 
the steps of digesting the sample DNA With a restriction 
enZyme, introducing an oligomer having a knoWn base 












